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A Stroke Adjusting Device for Valves of a Combustion Engine 
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The invention relates to a device for adjusting the valve lift of valves in combus- 
tion engines and to a method for adjusting the valve lift of valves in combustion 
engines. Furthermore, the invention relates to combustion engines comprising a 
device for valve lift adjustment. 



Devices for adjusting the valve lift in combustion engines typically comprise a 
cam shaft driving a valve engagement means, this usually being a roller lever, 
which cooperates with the valve and moves the latter. More complex devices 
comprise additional levers being arranged between the valve engagement means 

15 and the camshaft. Those levers are typically turning levers, i.e. one-armed levers. 
An example for such a device is given in EP-A1-01 255 027 which describes a 
mechanically controllable valve lift adjustment for gas exchange valves of com- 
bustion engines wherein a turning lever is driven by a cam shaft and cooperates 
with a valve engagement means (that means being a roller lever). The turning 

20 lever is positioned by a positioning means and pushed back towards the camshaft 
by a spring. The turning lever also comprises an external roller which rolls over a 
bearing that is part of the engine. 

It is an object of the present invention to provide a device for adjusting the valve 
25 lift of valves of combustion engines which has a lower moment of inertia com- 
pared to known devices for valve lift adjustment thus helping to improve the effi- 
ciency of combustion engines. It is also an object of the invention to provide a 
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device for adjusting the valve lift that allows the realization of high revolutions 
and/or valve-accelerations. Another object of the invention is to provide a device 
that enables a more fine-tuned and easily achieved adjustment of low valve lifts 
during the periods of idle strokes in combustion engines. A further object of the 
5 invention is to provide a device for the adjustment of the valve lift in combustion 
engines showing fewer signs of wear compared to other known devices. 

Provided by the invention is a device for stroke adjustments of valves (1) of a 
combustion engine, the device comprising a lever (3) driven by a cam shaft (4), 
10 said lever having at least two arms, wherein at least one arm moves on a bearing 
(5), said lever (3) is pushed against the cam shaft (4) by a biasing means (12) and 
positioned by at least one positioning means (6) and cooperates with a valve en- 
gagement means (2) that cooperates with at least one valve of the combustion 
engine. 

15 

Also provided by the invention is a combustion engine comprising a device as 
above. 

Further provided by the invenition is a lever suitable for the valve lift adjustment 
20 device for combustion engines as above having at least two arms one of which 
comprises a means for bearing the lever rotatably in a bearing that is attached to 
or part of the engine, the lever further comprises a means for cooperating with a 
camshaft driving the lever said lever further comprises a means for cooperating 
with a positioning means displacing the lever, the lever further comprising a 
25 means for cooperating with at least one valve engagement means that moves at 
least one valve of the engine. 

Additionally provided by the invention is a method for adjusting the valve lift of 
valves (1) characterized in that for the adjustment of the valve lift, rocker levers 
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(3, 3a, 3b) are operated, which are positioned by positioning means (6), and which 

are driven in a path (13) by a cam shaft (4). 

The device and method according to the invention provide a controllable and vari- 
able, preferably mechanical, adjustment of the valve lift in a combustion engine. 
5 The present invention allows the lift of several valves be adjusted independently 
and variably. The valve lift can be increased or reduced depending on the engine 
performance (such as for example the revolution and/or the acceleration) required. 
Suitable combustion engines are engines for motor vehicles, ship or aircraft en- 
gines. The engines can be single- or multiple valve engines. The engines can also 
10 be single as well as multiple cylinder engines. Typically the valves to be adjusted 
are gas-exchanges valves, inlet or intake and/or outlet/exhaust valves. 

The device according to the invention is particularly suitable for revolutions of 
from more than 0 to up to 4000, preferably up to 6000 and more preferably up to 
1 5 8.000 rpm (revolutions per minute). 

In the device according to the invention the lever is driven by a camshaft and co- 
operates with a valve engagement means, driving the same. The valve engage- 
ment means cooperates with the valve and moves the latter. By displacing the 
lever, i.e. varying the position of the pivot of the lever with respect to the valve 
20 engagement means the valve lift is adjusted. Displacement of the lever, i.e the 
positioning of the lever, is achieved by a positioning means. 

The device according to the invention comprises a lever having at least two arms. 
Each of the arms has at least one outer end. The part of the lever between the 
25 outer ends of the arms is referred to herein as the body area of the lever. 

Preferably, the lever is a rocker lever. A rocker lever is understood herein to mean 
a lever which turns around a pivot wherein the pivot is not located at or in prox- 
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imity to the outer ends of the lever. Preferably the pivot of the rocker lever is situ- 
ated in or substantially in proximity to the center of mass the lever. 

The lever has at least two arms, one of them comprising, preferably at the outer 
5 end, a means for bearing the lever, preferably rotatably, in a bearing. That means 
is preferably a roller but can for example also be a suitable shape or rigid contour 
of the lever allowing a rather frictionless movement of the lever on the bearing. 
The bearing is preferably attached to the engine or is a part of the engine. 

The shape of the bearing determines the path on which the lever moves. The 
10 shape of the bearing can be plane, curved or it can be of circular or semi-circular 
shape. 

The lever is driven by action of a camshaft or a means transmitting the driving 
force of a camshaft, preferably by cooperating with the means bearing the lever in 
the bearing. The lever may also comprise a means for cooperating with the cam- 
15 shaft. Such a means can for example be a suitable shape or rigid contour of the 
lever allowing a rather frictionless cooperation. The means can also be a roller. 
Preferably, the means cooperating with the camshaft are identical to the means 
bearing the lever in the bearing. 

The lever is pushed against the camshaft by a biasing means, which is preferably a 
20 spring. 

The lever acts on a valve engagement means, preferably by its other arm and pref- 
erably by the cooperation of one or more further roller with one or more working 
curve or further bearing. For this purpose the lever may comprise one or more 
25 further roller which cooperates with a working curve or a bearing located on the 
valve engagement means. The lever may also comprise a working curve or a fur- 
ther bearing with cooperates with a roller on the valve engagement means, which 
in this case is preferably a roller lever. 
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In one embodiment of the invention the working curve is divided into curve areas, 
Tor example a zero valve lift area and a valve lift area, wherein the areas can-be 
linked by transition curves or radii. 

The valve engagement means cooperates with at least one valve and moves the 
latter. Typical valve engagement means are roller levers or drag (turning) levers. 
It is an advantage of the invention that the device is not limited to one specific typ 
of valve engagement means, The valve engagement means can for example also 
be a pivoted rocker lever or a non-rotatable lever moved in a guide. 

A positioning means cooperates with the lever and positions the lever and the 
lever further comprises a means for cooperating with a positioning means dis- 
placing the lever. 

If the two-or more armed lever comprises at least two rollers, those rollers are 
preferably aligned along an axis of the lever. 

The lever can be made from materials providing a sufficient stiffness. Preferably 
light materials are used which contribute to reducing the inertia of the lever. Suit- 
able materials are, for example, aluminum, titanium or alloys thereof, steal, steal 
mixtures, suitable plastics or composite materials. The bearings can be made of 
the same or different material to the engine and/or the lever. 

The lever is positioned by a positioning means for the adjustment of the valve lift. 
The positioning means act on the pivot of the lever and the lever moves around 
the positioning means. The positioning means is suitably formed and/or has a 
suitable contour to facilitate the movement of the lever around the positioning 
means. The lever comprises a means for cooperating with the positioning means. 
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Such means may be a suitable shape or rigid contour or a roller, in order to facili- 
tate the movement-of-the lever along the contour of the positioning means. Such a 
roller, shape or contour however should not be identical to the one on which the 
camshaft acts for moving the lever. The positioning means is for example a suita- 
5 bly shaped driven rail that can be brought in various positions, for example, by 
moving it forward or backward. Depending on the position the positioning means 
is brought into, the pivot of the lever is displaced with respect to the valve en- 
gagement means. The positioning means can be driven and positioned in any suit- 
able manner known to the person skilled in the art, for example, mechanically, 
1 0 hydraulically, pneumatically, electrically, electromagnetically and/or piezo- 
electrically. The lever is displaced by action of the positioning means in accor- 
dance with the requirements as to the performance of the engine. Such require- 
ments can be combustion valves, revolutions arid/or turning moments. Preferably, 
the positioning means in accordance to a required torque. 

15 

In one embodiment of the device to the cylinder of the engine comprises more 
than one valve, for example more than one intake valve per cylinder and each 
valve cooperates via a valve engagement means with the lever. The levers ac- 
cording to this embodiment may be arranged on a common axis and are posi- 

20 tioned preferably by one positioning means per lever such that for each valve the 
valve lift can be controlled and adjusted individually. For example, for the indi- 
vidual valve lift adjustment of two gas exchange valves, for example two intake or 
exhaust valves respectively, or one intake and one exhaust valve an arrangement 
is provided wherein two rollers on two rocker levers are located on a common 

25 axis and wherein each of these rollers rolls in a separate bearing and the levers 
being displaced independently from each other depending on the position of the 
positioning means. 

The device according to the invention and the configuration of the lever allows in 
30 particular to achieve high revolutions. The working curve and the contour of the 
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positioning means can be shaped such as to increase the maximum stroke accel- 
eration of "the intake or" exhaust valve on reducing the valve lift. The device fur- 
thermore allows the opening time of the valves being reduced on reducing the 
valve lift. 

5 

One embodiment of the invention is a device for the controllable variable adjust- 
ment of the valve lift of gas exchange valves in a combustion engine wherein ad- 
ditional rocker levers are moved in a divided bearing, driven by a cam shaft and 
positioned by a positioning means. A roller of the rocker lever rolls over a bearing 

10 that is attached to or is part of the engine and a second roller rolls over a bearing 
which is part of a valve engagement means. For adjusting the valve lift the posi- 
tioning means are driven in a guide according to a required turning moment. The 
arrangement and the configuration of the rocker lever allows for achieving also 
high revolutions. By using a rocker lever having two rollers, the moment of inertia 

15 can be reduced compared to a turning lever comprising only one roll. Further- 
more, the rocker lever can be made of aluminum contributing to a further reduc- 
tion of the dynamic forces. The embodiment can also be used to adjust low valve 
lifts during idle stroke periods of a multiple cylinder combustion engine for min- 
ute variations for each cylinder since one part of the bearing is a part or an integral 

20 part of the valve engagement means. 



A further embodiment of the invention is a device for the mechanical adjustment 
of the valve lift wherein a rocker lever is driven by a cam shaft and biased by a 
spring and moves with a first roller over a bearing and with a second roller over 

25 the contour of an adjustable rail (positioning means) that cooperates with a valve 
engagement means being a roller lever. The bearing over which the lever moves 
and the contour of the positioning means may comprise plane surfaces which are, 
in a preferred embodiment, aligned perpendicularly to each other. A feature of this 
embodiment is that the opening period of the valve can be reduced by reduction of 

30 the valve lift. Preferably, the bearing is curved and the curvature of the bearing is 
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determined by the circular arc around the center point of the roller of the roller 
lever with which the rocker lever cooperates— The rocker lever- comprises-a work- 
ing curve which cooperates with the roller of the roller lever (the valve engage- 
ment means). The working curve has a first area and that first area has the curva- 
5 ture of a circular arc around the center point of the first roller. 

* The working curve and the contour of the positioning means are preferably ar- 
ranged such that the acceleration of the intake or exhaust valves, respectively, 
increases with reducing valve lift. 
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The invention is described in the following by examples. Hereby shows: 



Fig. 1 a first embodiment of a device for adjusting the valve lift according 

to the invention for one intake valve; 



Fig. 2 the first embodiment for the intake valve at zero valve lift position; 



Fig. 3 the first embodiment for the intake valve in valve lift position; 



10 Fig. 4 a second embodiment of the device for valve lift adjustment of the 

invention for two intake valves; 



Fig. 5 a third embodiment of the device for valve lift adjustment accord- 

ing to the invention; 

15 

Fig. 6 an embodiment with two valves in three different views 



Fig. 7 a fourth embodiment having a plane contour and a plane bearing 

surface. 

20 

The Figures 1, 2 and 3 show a first embodiment of a valve lift adjustment device 
according to the invention for a gas exchange valve in the form of an intake valve 
1 of a cylinder of a combustion engine which is not shown in the drawing. A 
rocker lever 3 comprising three rollers, an external roller 9, a body area of the 
25 lever which can comprise a roller 10 and an internal roller 1 1 . That rocker lever 3 
is driven by a camshaft 4 via the external roller 9 and moves during one revolu- 



- lO- 



tion of the camshaft 4 along a path 13. The path 13 is determined by the shape of 
the bearing 5" which is"attached to or which is part of the engine; whereby the 
rocker lever 3 moves via the inner roller 1 1 over a bearing 7, which forms a part 
of the valve engagement means ( a turning lever) 2. The rocker lever 3 moves 
5 around its body area 10, an area between the external roller 9 and the internal 
roller 1 1 and which can comprise a roller, around the positioning means 6. The 
body area of the lever 10 can also be in the form of a rigid contour of the lever. 
For the adjustment of a valve lift 16 (Figure 3) the positioning means 6 is posi- 
tioned within a guide corresponding to a requested turning moment. The posi- 

10 tioning means can take the positions 17 and 18 as shown in Figures 2 and 3. The 
position of the positioning means 6 determines the position of the pivot of the 
rocker lever 3 with respect to the vale engagement means and thus the area of the 
bearing 7 over which the roller 1 1 rolls. The bearing 7 is divided into areas, zero 
valve lift area 7a and valve lift area 7b (Figure 1). These two areas are linked via 

15 transition radii or connection curves or by connecting planes, respectively. The 
radius of the curvature of the transition surface must be greater than the radius of 
the role 1 1 and determines the height of the acceleration ramp. If the roller 1 1 
rolls during one revolution of the camshaft 4 only within the zero stroke area 7a, 
due to positions 17 of the positioning mean 6, the gas exchange valve 1 does not 

20 carry out a valve lift (Figure 2). If the positioning means 6 is positioned to take 
the position 18, the roller 11 rolls during one revolution of the cam shaft 4 over 
the stroke area 7b of the bearing 7 and the gas exchange valve 1 carries out the 
maximum valve lift 16. Between positions 17 and 18 of the positioning means 6 
(i.e. zero valve lift and maximum valve lift) every position can be adjusted. In 

25 those intermediate positions the gas exchange valve 1 carries out only a partial 
valve lift. The rocker lever 3 is pushed by a spring 12 towards the camshaft 4 
during valve lift movements of the valve. A further embodiment comprising the 
bearing 7 being divided into several curved areas which are linked to each other 
through transition radii. The path 13 along in which the rocker lever 3 moves via 

30 the roller 9 is determined by the shape of the bearing 5. For example, the path 13 
can have a circular, curved or semicircular surface or a plane surface. 
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In the second embodiment according to Figure 4 two gas exchange valves la and 
lb are operated by two rocker levers 3a and 3b being arranged on axis 15. The 
axis comprises, at its center between the rocker levers 3a and 3b, a common roller 
5 area 14 for the external rollers 9a and 9b which is either driven by the camshaft 4 
(Figure 4) or rolls over a bearing 5 that is attached to or is part of the engine. If the 
second roller area 14 rolls in the bearing 5, the first roller areas 9a and 9b are each 
driven by a cam 4. If the common second roller area 14 is driven by a cam of the 
camshaft 4, the two first roller areas 9a and 9b roll in two bearings 5a and 5b 
10 which are attached to or part of the engine. In another embodiment the three roller 
areas 9a, 9b, 14 are independent rollers and rest on a common axis 15. 

A device for the valve lift adjustment of a gas exchange valve 1 of a not shown 
combustion engine is shown in Figure 1 wherein the gas exchange valve 1 is, for 

15 example, one of several intake or exhaust valves. In this device the rocker lever 3 
is driven by a cam shaft, moves around the positioning means and moves along a 
path which is determined by a bearing 5 that is attached to or part of the engine 
and 6. The position of the positioning means 6 determines the position of the pivot 
of the rocker lever and thus the area of the bearing 7 in which the roller 1 1 can 

20 roll. The bearing 7 is divided into two substantial areas; the zero valve lift area 7a 
and the valve lift area 7b (Figure 1). If the roller 1 1 rolls during one revolution of 
the cam shaft only over the zero valve lift area 7a, due to the position of the posi- 
tioning means, the valve 1 does not carry out a valve lift (Figure 2). If the posi- 
tioning means is brought into position 2, the roller 1 1 rolls during one revolution 

25 of the camshaft within the valve lift area 7b of the bearing 7 and the valve 1 car- 
ries out the maximum valve lift (Figure 3). Between position 1 and 2 of the posi- 
tioning means every position can be adjusted (Figure 2, 3). In those intermediate 
positions the valve carries out partial valve lifts. The rocker lever is pushed by a 
biasing means 12 towards the camshaft. 

30 
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Since the roller 9 should not roll on the camshaft 4 and over the bearing 5 in the 
same time two levers are usually arranged on an axis 15 (Figure 4). This axis 15 
has at its center a roller 14 which rolls either over a bearing 5 that is attached to or 
part of the engine or is driven by the cam 4 (Figure 4). If the roller 14 rolls in the 
bearing 5, the two external rollers 9a and 9b are each driven by a cam. If the roller 
14 is driven by the cam 4, the two external rollers 9a and 9b roll in the two bear- 
ings 5a and 5b that are attached to or are part of the engine (Figure 4). For a com- 
bustion engine having only one intake or exhaust valve per cylinder the rocker 
lever comprises an axis with three rollers where, for example, two rollers roll 
around the contour of the cam and the middle roller rolls over the bearing 5. In 
another suitable arrangement, the two external rollers roll over the bearing that is 
attached to or is part of the engine while the internal roller is driven by the cam of 
a camshaft. 

Figure 5 shows a device for a valve lift adjustment of valves according to the in- 
vention in particular of a gas exchange valve 1 of a not shown combustion engine, 
wherein the gas exchange valve 1 is one of several similar intake valves of a cyl- 
inder. In this device the rocker lever 3 is driven by the camshaft 4 and moves via 
the roller 9 along a path 1 3 which is determined by the bearing 5 that is attached 
to or is part of the engine. The rocker lever 3 moves via a second roller 10 around 
the contour 19 of the positioning means 6. The rocker lever 3 further comprises a 
working curve 20, which is in contact with the roller 21 of the valve engagement 
means 2, being here a roller lever. The positioning means 6 is positioned within a 
guide 22 for adjusting the valve lift. For example, a zero valve lift is carried out if 
the positioning means is brought into position 1 7 while a maximum valve lift of 
the intake valve 1 is carried out if the positioning means 6 is in position 18. A 
preferred geometry is given if the curvature of bearing 5 is determined by a cir- 
cular arc 23 around the center point of roller 21 and the area of the working curve 
20 forms a circular arc 24 around the center point of the roller 9. At this configu- 
ration the intake valve 1 is not opened during one revolution of the camshaft 4 if 
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the positioning means 6 is in the zero valve lift position 17. The transition of the 
- - - first-area to the second area of the working eurve 20 is limited by the radius of 
roller 21 and determines the shape of the ramp of the valve lifting curve during 
valve opening and closing. The second area of the working curve 20 defines the 
5 valve lift area. The shape of the working curve 20 determines the maximum valve 
lift and the valve acceleration of the partial valve lifts. The opening time of the 
valve lift is changed according to the invention dependent on the valve lift since 
the position of the positioning means 6 determines in which area of the working 
curve 20 the roller 21 rolls during one revolution of the cam shaft 4. 

10 

Figure 6 shows that for example in a combustion engine having two intake valves, 
the rocker levers 3a and 3b can rest on a common axis 15 and the camshaft 4 can 
act on a roller located on the axis 15. The positioning means can take up different 
positions such that for one revolution of the camshaft 4 the intake valves have 
15 different valve opening times and have carried out different valve lifts. 



A further embodiment of the invention shown in Figure 7 where the bearing 5 and 
the contour 19 of the positioning means 6 have plane surfaces aligned perpen- 
dicularly to each other or which comprise between them a:n angle of 90°. The 
20 rocker lever 3 is pushed by a spring 12 towards the positioning means 6 and the 
camshaft 4, in order to keep the system free of play and prevent lifting of the lever 
3 from the camshaft 4 or the positioning means 6 during high revolutions. The 
spring 12 can also be composed of two or more springs. 
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List of the reference numbers used herein 

1 gas exchange valve 

1 a gas exchange valve 
5 lb gas exchange valve 

2 drag lever (turning lever) 

3 rocker lever 
3a rocker lever 
3b rocker lever 

10 4 camshaft 

5 bearing attached to or part of the engine 

5 a bearing attached to or part of the engine 

5 b bearing attached to or part of the engine 

6 positioning means 
1 5 7 bearing 

7a zero valve lift area of the bearing 

7b valve lift area of the bearing 

8 bolt 

9 external roller 
20 9a external roller 

9b external roller 

10 roller (body area, rigid contour) 

1 1 inner roller 

12 spring 
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path 

colhr^n second roller area 
axis 

valve lift 

position 1 of the positioning means 

position 2 of the positioning means 

contour 

working curve 

roller 

guide 

circular arc 
circular arc 



